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これまでの研究から反応温度 T、OH-濃度 [0H-]、SH-濃度 [SH-]、









-dL/dt=K・[00-]0;[So-]s. [C. T. ]'>: L n.exp (ーE!RT) (1. 2) 
(紙パ研)










Tab1e 1.1 Coefficients and numerica1 powers in問.(1. 2) for overall 
reaction rate in kraft pu1ping processes. 
Wood species K 
Beech(T.L.) I 1.55牢1016
J.R.Pine(T.L.) I 1.10牢1018
Beech(CH.-41.1) I 1.30*1013 
J.R.Pine(CH.ー38.0) I 4.43牢1012










α β γ n 
1.05 0.30 -0.22 1.9 
0.41 0.32 -0.10 2.1 
1.50 0.12 -0.38 3.1 
0.66 0.13 -0.18 2.1 
1.11 0.20 -0.29 2.4 
0.11 0.24 -0.15 2.4 
T. L. : T ota1 Lignin (Appendix n -1. 2参照)， CH. :Carbohydrate(=T.Y.-T.L.)， 

























5 10 15 20 25 
Total Lignin (% on wood ) 

































































Fig.1.3 Schematic diagram of organoso1v pu1ping process. 
アリングの検討35，36)が行われた。 1985年にはTappiPu1ping Conferenceに
おいてオルガノソルプパルプ化法に関する討論会が聞かれ、主要なパルプ化法に
ついて可能性が議論された。 1987年には Ioternationa1Symposium 00 Wood 
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Wmax= (U 1-U2)ー Ta(S 1-S2) 
+ P 1 V 1 -Pa V 2 (2.1) 
ごとでU+PV=Hであるから有効エネルギーは
Wm..x=H1-H2-Ta (SI-S2) =ε 
Fig.2.1 Conversion of heat (2.2) 
into work と表される。
更に変形すると、 dS=dH/Tであるから
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Fig.2.2 Block flow dia宮 amof general kraft pulping and recovery 



















ε1'u自}=εet sεT (2.6) 
εe = O. 975Hh (液体燃料におけるRantの式)






ε=εo + f).εT (2.8) 


























Tab1e 2.1 Heat and exergy ba1ances on each unit of kraft pu1ping process. 
Steaming Vessel 
Heat Balance Exergy Balance 
1n MJ out MJ 1n MJ out MJ 
steam 1. 086. 2 va-purged' chip 234.3 steam 222.6 va-purged chip. 28.9 
moisture 592.5 moisture 72.0 
exhausted steam 259.4 e油austedsteam 45.2 
loss 76.5 
1. 086. 2 1. 086. 2 222.6 222.6 
*va-purge:vapor pressure treatments to expel air in wood chips. 
Digester 
Heat Balance Exergy Balance 
10 MJ out MJ 1n MJ out MJ 
chip 665.7 pulp 69.9 chip 101. 3 pulp 5.9 
white liq. 910.4 black l.iq. 6.053.0 white liq. 69.0 black liq. 989.9 
black liq.2.225.5 steam 1.074.5 black liq. 183.3 steam 270.3 
heat exchanged heat exchanged loss 424. 7 
cook.liq. 981. 6 cook. liq. 286.6 
power 1. 050. 6 power 1. 050. 6 
5.833.8 7.197.3 1. 690. 8 1. 690. 8 
Washing 
Heat Balance Exergy Balance 
1n MJ out MJ 1n MJ out MJ 
steam 944. 7 black liq. 2.652.2 steam 228.0 black liq. 218.4 
pulp 69.9 pu1p 69.9 pulp 5.9 pulp 5.4 
b1ack liq.1.597.5 water with black liq. 133.5 water with 
water 1.167.3 pulp 1.351.9 water 80.3 pulp 112.1 
drain drain loss 139.4 
condensate 294.6 cond巴nsate 27.6 
4.074.0 4.074.0 475.3 475.3 
Multiple effect evaporator 
Heat Ba1ance Exergy Ba1ance 
1n MJ out MJ 10 MJ out MJ 
black liq. 2.526.3 b1ack liq. 512.1 b1ack liq. 247.3 black liq. 45.6 
steam 3.319.6 drain steam 801. 2 drain 
condensate 2.158.1 condensate 221. 3 
latent h巴at loss 781. 6 
of evaporation 3.175.7 
5.845.9 5.845.9 1. 048. 5 1. 048. 5 
-24-
continued from Table 2.1. 
Cascade evaporator 
Heat Balance Exergy Balance 
ln MJ out MJ 1n MJ out MJ 
dry exhausted dry exhausted exhaust. gas 2.384.9 exhausted gas 1.597.9 
gas 3.192.4 gas 1. 504. 6 black liq. 45.6 black liq. 50.2 
moist.in moist.in loss 782.4 
exhausted exhausted gas 6.356.8 
gas 4.488.6 
black liq. 619.7 black liq. 439.4 
8.300.6 8.300.6 2.430.5 2.430.5 
Recovery boi1er 
Heat Balance Exergy Balance 
1n MJ out MJ 1n MJ out MJ 
black liq. steam generated 13.721.4 black liq. steam 
combust. 23.189.0 exhausted gas 7.684.3 combustion 23.639.6 generated 5.582.3 
alr 1. 526. 7 Na2S04reduction 822.6 alr 2.046.4 exhausted gas2.384.9 
water 1.674.4 smelt 2.015.9 water 200.4 smelt 2.417.9 
po胃er 284.1 loss 2.430.1 power 284.1 loss 15.785.8 
26.674.3 26.674.3 26.170.9 26.170.9 
Back pressure turbine 
Heat Balance Exergy Balance 
ln MJ out MJ ln MJ out MJ 
high press. power 1. 914. 6 high press. power 1.914.2 
steam 13.731. 5 mid.press.steam 2.406.6 steam 5.582.3 mid.prss.steam 779.5 
low press.steam 9.410.3 low prss.steam2.241.0 
loss 647.6 
13.731. 5 13.731. 5 5.582.3 5.582.3 
Rotary kiln 
Heat Balance Exergy Balance 
ln MJ out MJ ln MJ out MJ 
petroleum sensible heat 268.6 petroleum sensible heat 139.3 
combust. 2.437.6 heat of decompo. 826.3 combust. 2.312.5 heat of decompo. 
sludge 28.9 exhausted gas 801. 7 sludge 2.5 1.11. 7 
alr 109.2 radiation 618.4 alr 140.6 exhausted gas 160.2 
loss 1. 044. 3 






























































































































































































































































































Exhausted Gas 12200 Nm3 
Water 3 m3 
Fig.2.4 Tota1 materia1 balance of kraft pulping process. 
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Tab1e 2.3 Comparison of exergy efficiency among KP 










Ethy1ene.Ch 一一一一→ Viny1 Ch10ride Monomer 60 % 























Wood 1. 930 kg 900 kg 
Chips一一一一' Pulp (Cellulose) 
Lignin 
E亙函一一一一→ Hemicellulose 






































































































































































































Tab1e 3.1 Pheno1ic components and compositions 
produced by different degradation 
methods of solvo1ysis 1ignin*. 
Pheno1s Pyro1ysis*本 Hydrogeno1ysis 
% % 
Pheno1 2 3 
Cresol 38 7 
Xy1eno1 24 3 
Others ND牟** 7 
Tota1 64 20 
* Weight % on the basis of solvo1ysis 1ignin. 






















































Table 3.2 Composition of mixed solvent 
used as a cooking liquor. 
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pH of water layer 
uョー:t M 

























































































Cooking time. min 
Fig.3.5 Changes of residual lignin with cooking time for various 
cresol to water ratios for beech. 
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Beech 
L : W =5.5:1 
1850C 















400 300 200 
Cooking time.ri1in 
100 。
Fig.3.6 Time course of carbohydrate degradation with par訓 eterof 
creso1 to water ratio under the condition of 1iquor to wood 
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ロ=
2 
。 100 200 300 400 
Cooking Time at Max. Temp， min. 
Fig.3.7 Changes of residua1 lignin with cooking time for various 
wood species under the condition of 1iquor to wood ratio 
of 5.5/1 and creso1 to water ration of 8/2 at 1850C. 
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Table 3.3 Comparison of density and wood component 
樹種 比重(ー ) リグニi(%) 切ロー λ(兎) 門知基(%)
N材 Fir(トド 7~) 0.36 23-32 51-57 0.3 
Larch (カラマツ) 0.52 21-30 47-54 o. 7 
Pine (1~) 0.48 26-31 49-58 0.3 
L材 Beech(7' t) 0.64 18-24 51-58 6.0 
Oak (ミλ.ナラ) 0.67 20-22 50-62 3.3 
Birch (が¥') 0.55 19-24 51-61 7.1 


































lignin content of Wood， % 
Fig.3.8 Degree of delignification after 210 min versus 1ignin 
content for various wood species under the condition of 
cresol to water ratio of 8/2 and liquor to wood ratio of 
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抽出溶媒/チッア比 5.5/1 (l/kg) 液固比
反応温度 185 OC 



































































































































































T. L. (% on wood) =0.118* (Kappa No.) -0.96556) (4.1) 
CH. (% on wood) =T. Y. -T. L. (4.2) 
T. L. :残留リグニン率 [% on wood] 
T. Y. :全収率 [% on wood] 


















Fig.4.3 Schematic diagram of experimental setup for cooking 




























Table 4.1加in回 used出 additive.
Amine p臨 bp(OC) 
①均razine 。13.4 15...18 (即日OC)
②Pyrazole ltJ"'~ 11.5 18&--188 (即700C)
H 
③Aniline C6HsNH2 9.4 184 
④Pyridine 0 8.6 115戸116
⑤ Imi也zole 〔ij 7.0 256 (即910C)
⑥駒山eC:) 5.5 129 
⑦ Tri蜘lenedi~ined.:> 5.3 174 (1即1580C)
@Benz.yl訓 ine C6HsCH2NH2 4.7 185 
⑨ P戸田MGG 4.2 146 (即1060C)
⑩ Piperidine 2.8 106 
-61-
??
:~ prim&sec. amines 















Fig.4.4 Relationship between total yield and Kappa No. 
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Table 4.2 Effect of additive concentration on pulp 


































Rejects* Kappa No. 
(%On wood) 











2.0 51. 7 
11. 2 57.4 
16.4 53.2 
All reactions were conducted under following conditions. 
wo吋:beech，cresolto wood ratio:8/2， liquor to wood ratio 
:6.5/l， T，四~. :l850C，cooking time:180 min. 
Total Yield:切.+ T.L. 
牢Rejectsn悶 nundelignified卯 ，rtionof wood chip. 
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Table 4.3 Effect of tertiary amine concentration 




Temp. Time Tota1 Yie1d 







Imidazo1e I 185 90 56.6 









Imidazo1e I 185 90 56.6 58.0 
185 120 
10 % 180 
Imidazo1e 
20 % I 185 90 
内ridine 185 90 
185 120 
































A.A・:頻度定数 [ min.ー 1] 
E， E':活性化エネルギー [kJ/mol] 
R :気体定数 [J/mol.K] 
T :温度 [K] 
n :反応次数 [一]
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.. (POOM UO %) u!uil!l 
Table 4.4 Values of reaction parameters E. A and n 












E = 111 kJ/mo1 
E'= 128 
E = 118 kJ/mo1 
E'= 114 
Delig. I E = 144 kJ/mo1 
印.-deg. I E'= 133 
o吋ぽ
A = 2.41本1019 n = 1.21 
A'= 6.68*1011 n '=1. 66 
A = 7.12キ1019 n = 1.69 
A'= 9.27牢109 n'=1.71 
A = 7.90傘1013 n = 1.42 
A'= 5.22キ1011 n'= 2.27 
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Fig.4.7 Relationships between contents of carbohydrate 
and lignin in the course of cooking with added 
10% imidazole and 2.5% morpholine. 























60 55 50 
number 




Fig.4.8 Relationship between Total Yield and Kappa No. 
in a two step cooking. 
Cooking time after addition of morpholine; 
①:45.②:90.③:120.④: 150.⑤:180 min. 
7ー1-
Tab1e 4.5 Physica1 properties of pu1p and its sheet produced 
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3.1 61 5.6 
4.1 5.5 77 

























































T.L. (% on wood) =0.118本(KappaNo.)ー0.96556) (5.1) 
CH. (胃 onwood)=T.Y.ーT.L. (5.2) 
乙とで
CH. :炭水化物収率 [克 onwood] 
T. L. :残留リグニン率 [需 onwood] 




















































and total Fig.5.1 Relationships between Kappa No. 
yield with and without added alkali. 
Numerical value beside each key indicates 

























































2 4 6 
Reaction Time (hr) 
8 
Fig.5.2 Variations of Kappa No. with reaction time 





















4 6 8 10 
Total L ignin (%on wood) 
2 308 
Fig.5.3 Relations of carbohydarate yield to residual 
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1 i 1 5 
120 100 80 60 
Factor Tear 
Fig.5.4 Characteristics of bleached solvolysis pulp 
compared with those of bleached kraft pulp. 
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liquid phase one 






1 UCST: 142.60c， 36.0wt% 'ο 
¥¥ 、
白
























散係数を求めた。 61) (式の誘導は巻末 Appendixに記載)
log [Ct/C1] = Const. -t/τ(6. 1) 










関係からクレゾールの拡散係数は温度 T [K]と次の式で表わされる。 62)













句ー， oil bath 
? ?? ?? ???
W a s h ing ti m e (min.) 
dimension of chip: 25 25 3 (mm) 
ç!=creso!(g)!nt~e c~!p ~t.washing.~ime t 
Ci: cresol (9)in the chij:J before washing 
Fig.6.2 Extraction efficiencies of cooking solvent(cresol) 




















2.0 3.0 4.0 
Temperature J K-1x 103 
Fig.6.3 Temperature dependence of diffusion coefficient 








G牢Cp牢(T1-T)= G..*Cw(T"，o-T"，) (6.3) 
G寧CpヰoT= h句牢S牢OZ(T-T..) (6.4) 
T1 T.o L-，aι、:1同. 





Fig.6.4 Schematic diagram of 
Z :洗浄ゾーン入口からの距離 [m] 
L :洗浄ゾーン全長 [m] 







a :比表面積 [m2!m3] 
S :洗浄槽の断面積 [m2] 
Cp，w:パルプ、洗浄水の比熱容量
[kJ!kgOC] 
washing zone for ca1culation 






















Washing t ime ， 
1ρ 
hr 
Fig.6.5 Effect of liquor temperature on washing 



















dw = D*S {(Ca-C)/h}牢 dt
Ca = a/ (a+b) 




Fig.6.6 Conceptual sketch dw :チップからのクレゾール放出量 [kg]





[ー] A :洗浄液中のクレゾール量 [kg] 
[m2/h] B :洗浄液中の水量 [kg] 
S :チップ表面積 [m2] t :時間 [hr] 






























































































































































































ADT Pulp :;a I I Washing 
li q. C1. Vム Stage 
一一一~ ADT Pulp 
Cヲ.Vっ
-ー--争 liq.
D.F. = (V3 ""'V2~DT Pulp 
D.R.= (C1 -.~2)~イC1 -C3) 
(6.8) 
(6.9 ) 
Fig.6.9 Definitions of dilution factor( D.F.) and displacement 












Fig.6.10 Dependence of cresol concentration in washing liquor 
































130 140 . 150 160 
Washing temp.， .C 
Fig.6.11 Variation of pulp yield with washing temperature 




30 60 90 120 
Washing time， min. 
Fig.6.12 Variation of pu1p yie1d with washing time 

















Washing time， min 
」
20 
Fig.6.13 Effect of cresol concentration on 


















Fig.6.14 Effect of cresol concentration on 
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Washing time， min 
」
20 
Fig.6.15 Effect of cresol concentration on 

















Tab1e 6.1 Hemice11u1ose/G1ucan ratio of creso1 pu1ps (%) before 
and after washing under the conditions in Fig.6.16. 
Before After washing After washing 
washing with water with creso1/water 
Xy1an/G1ucan 15.6 12.8 13.1 
Mannan/G1ucan 3.2 2.9 2.9 
-104-
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¥ / 4 T ' 1ど. 
160'C 15% 2mm I 
~O'C (23%) 10.5% 2 」
140'C (15%) 8% 2 
130'C (10.5%) 6% 4 
¥ PULP レ/ 120'C (8%) 2% 50 
WASHING ZONE o solubi1ity conc.of wash. 





Fig.6.16 Simulation results on washing zone 


































O.SL空 10 20 
0 0.F. 



























































































































Fig.6.19 Co汀 elationD.R.to D.F. using mixed phenolic 
solvents as cooking liquor. 
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Methanol extraction Hot water wash. 
Be配h
冊101epu1p 25.3 52. 1 
Fib町台action 12.5 21. 2 
Fine台action 16.2 (8. 3%) 110.0(21.郎)
J.Red Pine 
珊101epulp 43.6 86.0 




o 120oC/2伽in→ 90oC/1伽in(1知u1pcons.)→ Screening 
(3 s句ges). (6武何回)
























































































































































































































































































Table 6.4 Results of lignin extraction with fresh cooking 






















Methano1 extraction: Soxh1et extraction →Defiberization 
→ S町田ning
Creso1 extraction: 130oC/15min(with high 1iq.to wood ratio) 
-Hot water washing→ Screening 
Hot wat町 Wぉhing:120oC/20min→ 90oC/I0min (l卸ulp∞ns.) 
→Sぽ eening
ー115-
Table 6.5 Results of multi-stage extraction of lignin with 
Kap開 No.
































64.0 100 175 -3 
52.3 88.6 175 -4 
Hot water w，組lIng:120oC/2伽1n→90oC/I0min(1知u1pcons.)→Scr白川昭
(3武ages) (6坑碍ω)
Methan01 extraction: Soxh1et邸 traction→Defiberization-今Screening
Cr回 01extraction: 150oC/60min(Liq. to Wo吋 ratio;10/1.10郎σesol)
→Hot water w副】ing→S町田:ning





















































































































































































































































































































































































































ある。乙れによればO.75 (kg/kg Pu1p) (75%対パルプ)の黒液量を2段階のディ
フユーザーで除去するのに必要な洗浄液の希釈係数(D.F. )は約 23(ポ/BDTPu1p) 
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(1) 生産能力 ;パルプ 530 ton/day 
(カッパー 価:40ずねト)

























w 59 73 


















Fig. 7.1 Block flow diagram of solvolysis pulping process. (Unit:ton/day) 
w Water 






















































































Pulping process I 501 vent recovery process 
H2 









Fig.7.2 Flow diagram of solvolysis pulping followed by hydrokracking 
for degradation of lignin. 
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Pulping肘…s!solventm …y p…ss 
Solvent Recovery Column 
???? ?????
?












?? ? Washing liquor 
←己
CIOz Alkali CIOz 
-ーー ーーーーー・・・
? ? ? ? ? ? ? ? ? ? ? ? ? ?
????????
???
Fig.7.3 Flow diagram of solvolysis pulping followed by thermal cracking 
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F i c kの第2法則を次のように変数分離法を用いて変形する。
ac θ2C 
一一一一=D一一一一 (F i c kの式)
θt a X2 




一一一一=D一一一-a t a X2 










T=exp (-λ2D t ) X = A s i n ，t X+ B cos ，tx 
X' =，t A cos ，tx -λBcosλx 
X" =-λ2Asinλx -，t 2 Bcosλx 




= (Asinλx十Bcosλ x)X exp ( -，t 2 D t ) となる。
B. C.は x=O，t>Oの時 C=O
Bcos，t x = 0であるから B=O
x=h， t>Oの時 C=O








一一 / n2πz ¥ / nπ ¥ 
c =) A..exp(一一一一一 XD t J Xsinl一一一刈-;- " h2 ノ ，h / 
B. C. として t=0. 0くXくh の時 c=c。
一一 / n 7( ， 
co=ラ'A..sin(一一-X) でA.を決定できる。





一一 / nπ ¥ 
ψ(X) =):A..sin(一一-X} とおけば



















初期条件として ψ(X)= c 0 であるから
A..=子S>in(子X)dX
ー142-








( 2ν 十 1)π 
となる。
まとめると
4Co_ 1 r (2ν 十 1) 7[x 、
C=一一一一> sin~ ト
π -y- 2ν十 1 ¥. h J 
r r (2ν+ 1 )π 、2 -. 
X exp! -~ト Dt ! 







×寸5:λ2νよ:L1si吋nべ{~ 2vν:) 口 }μdx
となって、積分部分は次のように計算される。
jhlsin{(2ν 十 1) 7[ X }dX 
o 2ν 十 1 ¥. h 
h 









( 2ν+ 1 ) 2π 
2h 
( 2ν 十 1) 2π
{ 1 -cos ( 2ν+ 1 )π} 
C t=8C oと--
7(2ν ( 2ν+ 1 ) 2 
xexp[-{ (211)π}zDt] 
Ct =~2: 一一一一
C 。 π2ν ( 2ν+ 1 ) 2 
xexp[-{ (211)π}zDt] 
tが十分大きい場合
Ct 8 / t、




































4.密度(Density) JIS P 8118 
マイクロメー ター を用いて紙の厚さを測定し、坪量(g/cm2)を得られた紙の厚さで除し
た値を密度とする。
密度 (g/cm3) = (坪量(g/cm2)/厚さ(醐))寧1.000 

























8. 白色度 (Brightness) JIS P 8123 
457nmの波長の光で紙面を照射したとき、酸化マグネシウム標準板に対する比
反射率と定義される。単位は完で表される。
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